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Effectively improving myocardial blood flow and controlling atherosclerotic plaque have always been key and difficult points in
the prevention and treatment of coronary artery disease (CAD). Although “therapeutic angiogenesis” is regarded as a promising
approach for ischemic heart disease by improving blood flow, angiogenesis itself can induce the destabilization of atherosclerotic
plaque, which reflects the double-edged role of angiogenesis. Modulating the balance of angiogenesis can be an important target for
CAD treatment. Traditional Chinese medicine (TCM) emphasizes the holistic view and dynamic balance of the body. Furthermore,
the principle of activating blood circulation and removing blood stasis (ABCRS) is closely connected with angiogenesis and CAD.
Recent research suggests that Chinese herbal medicines for ABCRS are effective in balancing the regulation of angiogenesis. This
review presents the progress of recent research on the angiogenesis regulation with Chinese herbal medicines for ABCRS in CAD.
Moreover, this review demonstrates that Chinese herbal medicines for ABCRS can not only promote angiogenesis in the ischemic
area to improve myocardial blood flow but also alleviate angiogenesis to stabilize plaque in atherosclerosis, which reflects the holistic

regulatory role in CAD treatment.

1. Introduction

Coronary artery disease (CAD), also known as coronary
atherosclerotic heart disease, coronary heart disease, and
ischemic heart disease (IHD), is the most common cause of
heart attacks [1]. According to the World Health Organiza-
tion, CAD is the leading cause of death worldwide among all
noncommunicable diseases [2]. Current therapeutic options
are limited to pharmacological therapy, percutaneous coro-
nary intervention, and bypass surgery. However, a large
number of patients do not qualify for surgical or interven-
tional procedures [3], and these patients mainly present with
refractory angina with severe atherosclerosis in the clinic. At
present, a number of studies have indicated that promoting
angiogenesis is a promising approach for IHD [4], while
angiogenesis in atherosclerosis induces plaque destabilization
and hemorrhage [5]. Therefore, more attention should be
paid to balancing the regulation of angiogenesis in myocar-
dial ischemia and atherosclerosis.

The holistic theory of traditional Chinese medicine
(TCM) aims to modulate the dynamic balance of the body.
Among the different TCM therapies, activating blood cir-
culation and removing blood stasis (ABCRS) therapy is
effective in CAD treatment, with antiplatelet function, vas-
cular endothelium protection, myocardial remodeling, and
microcirculation improvement [6]. Recently, an increasing
number of studies have focused on the effects of Chinese
herbal medicines for ABCRS on angiogenesis in myocardial
ischemia and atherosclerosis. Given the double-edged role of
angiogenesis, this review aims to present the recent research
progress on the regulatory role of angiogenesis by Chinese
herbal medicines for ABCRS, which may provide a new angle
of view with regard to the prevention and treatment of CAD.

We searched the PubMed, Chinese National Knowledge
Infrastructure and Chinese Scientific Journal Database with
the following keywords: “angiogenesis” OR “neovascular-
ization” AND “coronary disease” OR “atherosclerosis” OR
“myocardial ischemia/infarction” OR “Chinese medicine”
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FIGURE 1: Schematic representation of major targets of angiogenesis. Nox4: nicotinamide adenine dinucleotide phosphate oxidase 4, HIF-1a:
hypoxia-inducible factor-l1, CRP: C-reactive protein, TNF-a: tumor necrosis factor-«, VCAM-1: vascular cell adhesion molecule-1, MMPs:
matrix metalloproteinases, DIl4: delta-like ligand 4, SHC: synthesized hydrocarbon, PKC: protein kinase C, PLC-y: phospholipase C-y, IP3:

inositol triphosphate 3, and NOS: nitric oxide synthase.

OR “activating blood circulation and removing blood stasis”.
We also searched related references.

2. The Dual Role of Angiogenesis in CAD

2.1. Angiogenesis. Angiogenesis refers to the formation of
new blood vessels from the preexisting vasculature [7].
Under certain conditions, various angiogenic factors are
produced, and vascular endothelial growth factor (VEGE),
basic fibroblast growth factor (bFGF), and their receptors
are the key molecular factors. The binding of VEGF/FGF
to VEGF receptor (VEGFR)/FGF receptor (FGFR) induces
multiple signaling networks, such as mitogen-activated pro-
tein kinase (MAPK), phosphatidylinositol 3 kinase/protein
kinase B (PI3K/Akt), extracellular regulated protein kinase
(ERK), and notch pathways, and the signaling cascades result
in endothelial cell (EC) survival, proliferation, migration, and
tube formation [7-11]. A brief overview of the angiogenesis
and the activation pathways is provided in Figure 1.

2.2. Angiogenesis in Myocardial Ischemia. Improving blood
flow to the ischemic myocardium plays a critical role in the
treatment of CAD, and angiogenesis is an important and
promising means of increasing blood flow [12]. Numerous
studies have shown that promoting angiogenesis therapy
can improve myocardial ischemia by stimulating formation
of collateral networks and increasing blood supply [4, 13].
Nox4 alleviated hypoxia/reoxygenation injury by inhibiting
apoptosis and promoting angiogenesis via upregulation of
HIF-1/VEGEF signaling pathway [14]. Activation of the notchl
pathway also promoted coronary neoangiogenesis and revas-
cularization, limited the extent of ischemic damage, and
improved heart function [15]. Additionally, secreted VCAM-
1 induced EC migration and prevented cardiomyocyte death

through activation of Akt, ERK, and p38 MAPK [16]. In short,
promoting angiogenesis therapy is beneficial to myocardial
ischemia.

2.3. Angiogenesis in Atherosclerosis. Acute coronary syn-
drome may be related to atherosclerotic plaque rupture and
thrombosis, while angiogenesis is a key factor in plaque
destabilization leading to rupture [17]. Plaque neovascu-
larization consists of a network of capillaries that arise
from the adventitial vasa vasorum and extend into the
intimal layer of atherosclerotic lesions, which promotes the
growth of atherosclerotic lesions and plaque destabilization.
Furthermore, excessive adventitial neovascularization is also
one of the hallmarks of atherosclerotic plaque progression
[18, 19]. Increased IL-8, IL-1, TNF-«, CRP, and MMP levels
enhanced plaque progression and destabilization and caused
intraplaque hemorrhage and rupture [20, 21]. FGFR2 overex-
pression in ECs resulted in increased expression of VCAM-
1, which aggravated atherosclerosis [22]. The HIF pathway
was associated with angiogenesis in plaque [23]. Therefore,
inhibiting plaque and adventitial angiogenesis is beneficial to
atherosclerosis.

2.4. Double-Edged Role of Angiogenesis. The “Janus phe-
nomenon” illustrates the double-edged role of angiogenesis:
when an intervention benefits proangiogenesis and collateral
development, it has the potential to increase atherosclerosis,
and when an intervention has antiatherosclerotic effects, it
has the potential to inhibit collateral development [20, 24].
Although proangiogenesis therapy can improve blood supply
in animal models, several clinical studies have not shown def-
inite evidence of clinical efficacy of proangiogenesis in CAD,
and adverse effects, including edema, inflammation, and
cancer, were turned up [25, 26]. Although antiangiogenesis
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therapy can stabilize plaques in animal models, there has been
no clinical study on antiangiogenesis therapy in atheroscle-
rosis until now, and antiangiogenesis therapy in cancer can
lead to myocardial ischemia, hypertension, and stroke [27].
Therefore, neither promotive nor inhibitory angiogenesis
therapy alone is an ideal option for the treatment of CAD, and
a drug that holistically regulates angiogenesis in CAD would
have great potential.

3. The Holistic Regulatory Effects of Chinese
Herbal Medicines on ABCRS

In TCM, myocardial ischemia and atherosclerotic plaque are
collectively caused by blood stasis, and the ABCRS method
is the main therapeutic method [6]. The TCM philosophy
regards the ABCRS method as promoting blood circulation
and dissipating stasis. Recent studies have also verified that
Chinese herbal medicines for ABCRS have effects on improv-
ing microcirculation and hemorheology indices, increasing
blood flow, regulating endothelial function, and inhibiting
the proliferation of vascular smooth muscle cells [28]. A
large number of studies have indicated that Chinese herbal
medicines for ABCRS can regulate angiogenesis in myocar-
dial ischemia and atherosclerosis. Therefore, the ABCRS
method might have holistic regulatory effects on angiogenesis
in CAD.

3.1. Proangiogenic Effect. Previous studies have reported
that the Xiongshao capsule and Guanxin No. 2 can pro-
mote angiogenesis in the ischemic region and increase
blood supply by increasing the expression levels of VEGF
and bFGF [29, 30]. Tongxinluo can promote angiogenesis
in the peri-infarct area and increase blood flow to the
myocardium by downregulating Nox4 and by upregulating
VEGEF and endothelial NOS-mediated angiogenesis through
the PI3K/Akt signaling pathway [31]. In addition, Qishen
Yiqi dripping pills, Xuefu Zhuyu formula, Shu-mai-tang,
ShenZhuGuanXin granules, flowers of Panax notoginseng,
salvianolic acid B, Xuesetong soft capsules, Radix paeoniae
rubra 801, Danhong injection, and Spatholobi caulis can also
protect the ischemic myocardium through the activation of
VEGF and the promotion of angiogenesis [32-42] (Table 1).

3.2. Antiangiogenesis Effect. Previous studies have deter-
mined that Tongxinluo can inhibit adventitia neovasculariza-
tion and decrease microvessel density in atherosclerosis by
inhibiting expression of VEGF through the p38MAPK signal-
ing pathway [43, 44]. Simiao Yongan decoction can suppress
vasa vasorum neovascularization and stabilize plaques by
decreasing the expression levels of HIF-la, MEK1/2, and
ERK1/2 [45]. In addition, Xiongshao capsule, Huoxue cap-
sule, Shumai capsule, modified salvia decoction, Panax noto-
ginseng saponins, Ruanmailing, Salvianolic acid B, Guishao-
tongluo, and red yeast rice can also alleviate angiogenesis
and attenuate atherosclerosis by decreasing VEGF expression
[46-54]. Moreover, Buyang Huanwu decoction can promote
microvessel maturation and decrease the incidence of plaque
rupture by increasing the expression levels of bFGF and
PDGF [55] (Table 2).

3.3. Holistic Regulatory Effects. Chinese herbal medicine for
ABCRS has a holistic regulatory effect on angiogenesis. It has
been reported that Rhodiola rosea and Shexiang Baoxin Pill
can promote angiogenesis and increase myocardial microves-
sel density by increasing the expression levels of HIF-la,
VEGE VEGFR2, and CD34 while inhibiting vessel growth
and decreasing plaque area in atherosclerosis by reducing
these indexes in the aorta [56, 57]. Another study has shown
that the Xuefu Zhuyu decoction inhibits cell proliferation
at certain concentrations and induces tube formation to
a limited degree at low concentrations over a short time
frame, suggesting that the Xuefu Zhuyu decoction controls
angiogenesis in a different manner from that of the contin-
uous function of VEGF [58]. In short, these studies imply
that Chinese herbal medicines for ABCRS may have effects
on balancing the regulation of angiogenesis and are thus
safe for the coexistence of both myocardial ischemia and
atherosclerotic lesions.

4. Discussion

The relationship between angiogenesis and CAD is double-
sided [4]; balancing the contradictory angiogenesis eftects
might facilitate drug efficacy in CAD. Chinese herbal
medicines have an advantage over regulating the balance of
the body in different pathological states. The data reviewed
here suggest that Chinese herbal medicines for ABCRS
result in holistic regulatory effects and providing a new
option for treating CAD. The mechanisms may be related
to the multicomponent nature of Chinese herbal medicines,
which may exhibit different effects in different pathological
tissues through multiple targets and pathways. However, the
deep mechanisms are complex and have yet to be clearly
elucidated.

Modern research has indicated that angiogenesis within
the vasa vasorum is characterized by a network of immature
and leaky vessels, which plays an important role in plaque
progression. Creating a mature network and normalizing
plaque vessels may potentially minimize the risk of plaque
hemorrhage [59]. In addition, EC metabolism including
hypoxia-related fatty acid oxidation and glycolysis has gained
attention as a therapeutic target for angiogenesis [60]. There-
fore, interfering with vessel normalization/maturation and
EC metabolism may be new directions to study the holistic
regulatory effects of Chinese herbal medicines, which will
bring new ideas to the clinical prevention and treatment of
CAD.

To date, numerous studies have focused on angiogenesis
in a myocardial ischemia model only or an atherosclerosis
model only, while studies investigating angiogenesis in the
context of both pathological changes and drug interventions
are rare; there are mainly a few studies in this area [3,
56, 57, 61, 62]. Therefore, a desire exists to use compound
models to study the double-edged roles of angiogenesis,
therapeutic interventions, and mechanisms, especially of the
holistic regulatory effects of Chinese herbal medicines. In
addition, we can screen the drugs and active components
that can both promote ischemic angiogenesis and inhibit
proliferative angiogenesis by network pharmacology and
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pharmacodynamics and further identify the targets and
signaling pathways of holistic regulation on angiogenesis.

Until now, clinical studies have mainly focused on
promoting angiogenesis, while inhibiting angiogenesis in
atherosclerosis is in the experimental stage and has not been
applied in clinical practice. Hence, future work remains to
be done to validate the clinical results. Meanwhile, diseases
are complex in patients with medications and multiple risk
factors. Therefore, clinical studies on long-term follow-up
after angiogenesis-targeted therapy are worthy of investiga-
tion. In addition, although clinical trials have been conducted
to evaluate the efficacy of Chinese herbal medicines in CAD,
there are just a few clinical studies on the regulation of
angiogenesis using Chinese herbal medicines [34, 49, 54].
Hence, more clinical trials will be required to study and to
determine the best means of therapeutic angiogenesis.

In conclusion, future studies are needed to investigate the
holistic regulatory effects of Chinese herbal medicines for
ABCRS on angiogenesis in terms of both basic studies and
clinical research, and the mechanisms of the herbs involved
need to be uncovered.
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